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Abstract

:

Background: We investigated the association between various food groups and obesity in Japanese patients with type 2 diabetes. Methods: 2070 patients with type 2 diabetes who attended 26 diabetes clinics throughout Japan were analyzed and were divided into obese and non-obese groups. Intakes of food groups determined by a food frequency questionnaire were compared. Odds ratios for obesity for quartiles of individual food groups were calculated using a logistic regression model. Results: Non-obese patients consumed a larger variety of food groups than obese patients, with the diets of non-obese individuals closer to the traditional Japanese diet characterized by fish, seaweed, and soybeans/soy products. Among 21 food groups, low vegetable intake and high sweets intake were the most strongly associated with obesity in both men and women. Low intake of both fruits and vegetables and the combination of high intake of sweets and low intake of fruits were associated with obesity. Conclusions: Food groups and their combinations that were strongly associated with obesity in Japanese patients with type 2 diabetes were identified. Our findings also suggested an inverse association between the traditional Japanese diet and obesity.
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1. Introduction


Obesity is among the greatest risk factors for the development of type 2 diabetes [1,2]. In addition, obesity is well known to worsen the control of glycemia and other indexes and increase the risk of complications and death associated with type 2 diabetes [3,4]. As in other regions, in East Asia, which has the largest population in the world, the prevalence of obesity is increasing due to the westernization of dietary habits [5,6]. The prevalence of type 2 diabetes is also increasing [7,8].



Achieving weight loss among obese patients with type 2 diabetes improves many surrogate markers for the development of complications such as abnormal blood glucose, serum lipid, and blood pressure values [9]. Since dietary intake is related to the development of obesity, the relationship between obesity and various food groups has been investigated in several countries [10,11,12,13,14]. For example, an inverse relationship was observed between vegetable and fruit intake and weight-related outcomes [15,16]. Moreover, a randomized trial revealed that both a low-calorie diet and a low-carbohydrate diet resulted in a greater weight loss than a conventional diet [17,18,19,20]. However, adherence to the regimens described was poor, and attrition was high. Although the Mediterranean diet, which includes an abundance of whole grains, fruits, vegetables, seafood, beans, and nuts, could lower body weight [21,22], the value of its application in various races is not certain. In fact, the American Diabetes Association (ADA) reported that there is not a “one-size-fits-all” eating pattern for individuals with diabetes and recommends that meal planning should be individualized [23,24].



The Look AHEAD (Action for Health in Diabetes) study showed that an intensive lifestyle intervention, including diet, did not reduce the incidence of cardiovascular events in overweight or obese patients with type 2 diabetes [25]. However, in another study of an intensive lifestyle intervention, participants who lost ≥10% of their body weight had reduced mortality relative to diabetes support and education [26]. However, there have been few reports that we are aware of on the association between the intake of various food groups and their combinations and obesity in a large number of patients with type 2 diabetes. Additionally, few reports have precisely quantified food intake, which is essential in clinical settings.



Therefore, we analyzed the association between all food groups that could be identified and obesity in a large number of Japanese patients with type 2 diabetes.




2. Materials and Methods


This cross-sectional study was conducted on outpatients with type 2 diabetes treated at 26 clinics that participated in the Japan Diabetes Clinical Data Management Study Group (JDDM). The details of JDDM and CoDic software (Novo Nordisk Pharm Ltd., Tokyo, Japan) were described in a previous publication [27]. Briefly, CoDic software was used to identify the clinical characteristics of the study participants and their prescribed antihyperglycemic agents obtained from the JDDM database for the period from December 2014 to December 2019.



During the study period, the participating clinics distributed lifestyle questionnaires, and the data obtained were analyzed for 2070 patients with type 2 diabetes. Food intake was assessed by the Food Frequency Questionnaire based on food groups (FFQg) [28]. We used a standardized software program designed for population-based surveys and nutrition counseling in Japan (Eiyo-kun; Kenpakusha Co., Ltd., Tokyo, Japan) to calculate nutrient and food intakes [29]. Physical activity was calculated using the Japanese version of the International Physical Activity Questionnaire (IPAQ) short form [30,31].



The categorical variables were expressed as numerals and percentages and were compared with chi-square (χ2) tests. Continuous variables were expressed as the mean ± standard deviation (SD) or the median and interquartile range. Based on distribution, the continuous variables were compared using the unpaired Student’s t-test or Mann–Whitney U test for two-group comparisons and χ2 tests for four-group comparisons. Multiple logistic regression analysis identified variables related to obesity, which was defined as a body mass index (BMI) ≥ 25 kg/m2. Intake of specific food groups was expressed in quartiles.



Statistical analyses were performed using SPSS software version 27.0 (IBM Corp., Armonk, NY, USA). Differences were considered to be statistically significant at p < 0.05.



All of the procedures that involved human participants were performed in accordance with the ethical standards of the JDDM, Niigata University and Health Research Involving Human Subjects in Japan, and the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Written informed consent was obtained from all of the study participants.




3. Results


The characteristics of the man and women participants in both the non-obese group (BMI < 25) and the obese group (BMI ≥ 25) are shown in Table 1. The obese group was significantly younger than the non-obese group by approximately 7 years. In men, the HbA1c level in the obese group was significantly higher (0.4%) than in the non-obese group, but the difference was not significant in women.



Although the differences in BMI between the obese and non-obese participants were approximately 6 kg/m2 for men and 8 kg/m2 for women, energy intake and the carbohydrate-to-energy ratio did not differ significantly between man and women obese and non-obese participants. The fat-to-energy ratio differed significantly, although slightly (<1%), between the two groups, but only in men. Similarly, there was a significant difference in the protein-to-energy ratio between men and women, with a 0.5% difference for men between the obese and non-obese groups and an 0.8% difference for women, again <1%. On the other hand, the median amount of physical activity in the obese group compared to the non-obese group was 33% lower in men and 19% lower in women, both results with statistical significance. Stratified analysis by age and sex showed almost similar results. (Supplementary Table S1).



The intakes of food groups by the non-obese and obese participants according to sex are shown in Table 2. The intakes among both men and women of meat/processed meat, sweets, and sugar-sweetened beverages were significantly higher in the obese group than in the non-obese group. Conversely, food groups with a significantly lower intake by the obese group included not only low-energy foods such as vegetables and seaweed but also foods such as potatoes, fruits, sugar, fish/seafood, soybeans/soy products, and milk/dairy products. In the analysis stratified by age and sex, obesity was consistently correlated with intake of green and yellow vegetables and sweet foods (Supplementary Table S2).



The amounts of 21 food groups were divided into quartiles and adjusted for age, energy intake, current smoking, current alcohol use, physical activity, diabetes duration, use of oral hypoglycemic agents as well as insulin use, and sex. The odds ratios (ORs) for obesity were calculated using the lowest quartile as the reference (Table 3 and Table 4).



Food groups with significant negative associations for obesity in both men and women were green and yellow vegetables (OR 0.46 for men and OR 0.49 for women) and other vegetables (OR 0.53 for men and OR 0.39 for women). The ORs for total vegetables, that is, green-yellow vegetables and other vegetables combined, were 0.44 for men and 0.38 for women, both of which were significant negative associations. On the other hand, sweets were significantly and positively associated with ORs of 2.58 for men and 2.11 for women. Food groups with significant differences between quartiles only in men were fruits (OR 0.52), soybeans/soy products (OR 0.65), and sugar-sweetened beverages (OR 2.35), while there were significant differences in quartiles for fish/seafood (OR 0.51) and sugar (OR 0.54) only in women.



We investigated if there were additive or synergistic associations among four food groups that were strongly associated with obesity, i.e., total vegetables, fruits, soybeans/soy products, and sweets. Since there was no difference in the strength of association with obesity between green-yellow vegetables and other vegetables, we combined the two as “total vegetables”. Figure 1 shows ORs for obesity for four combinations of quartiles of each of these food groups.



Total vegetables and fruits comprised the combination with the highest association with obesity; the OR for obesity for the lowest quartiles of these food groups was 3.9. However, the ORs for obesity were significantly increased even for the combination of total vegetable intake and fruit intake in Q3. For the combination of the lowest quartiles of total vegetables and soybeans/soy products, the OR for obesity was high at 2.82. The OR for obesity for the combination of the lowest quartiles of soybeans/soy products and fruits was 2.71. On the other hand, for sweets and fruits, the OR for obesity according to the highest intake of sweets and the lowest intake of fruits was 3.90 compared with the lowest intake of sweets and the highest intake of fruits.




4. Discussion


The development of obesity is not only related to energy intake but also to specific components of foods and nutrients [32], which was the rationale for this study to determine which food groups were associated with obesity. Our results showed that the energy intake in the non-obese group was comparable to that in the obese group. The obese group consumed more high-energy foods than the non-obese groups, although in small volumes (i.e., high energy density [33]), such as meat/processed meat, sweets, and sugar-sweetened beverages. Conversely, the non-obese group consumed more low-energy-dense foods such as vegetables, fruits, seaweed, fish/seafood, and soybeans/soy products.



These results are consistent with reports that show that the decreased consumption of legumes, coarse grains, and vegetables and the increased consumption of processed foods such as oils, sugar-sweetened beverages, and animal products were important factors in the global epidemic of overweight and obesity [34]. The dietary composition in our non-obese group was close to a recommended dietary pattern for the prevention and management of type 2 diabetes, which is rich in whole grains, fruits, vegetables, nuts, and legumes but low in refined grains, red/processed meats, and juices [35].



In our Japanese patients with type 2 diabetes, it was shown that compared to obese patients, non-obese patients ingested a wider variety of food groups and tended to have a dietary pattern close to the traditional “Japanese diet”, which is characterized by large amounts of fish, seaweed, and soybeans. It was reported that the Japanese diet is related to a low mortality rate for cardiovascular diseases [36,37].



A further feature of foods frequently consumed by the non-obese group was that the preparation and cooking required much more effort, such as for vegetables, fruits, seaweed, potatoes, and fish/seafood. These foods are thought to be consumed less frequently when eating out or having take-away meals but more frequently at home. Their usage at home makes it easier to follow a diabetes diet. In our previous prospective study, we reported on food group intake and weight gain in Japanese men who underwent health checkups [38]. The higher the sugar intake, the higher the intake of vegetables, fruits, and potatoes. The reason is that in Japan, in addition to salads, vegetables are often boiled and seasoned with sugar. As a result, sugar intake tends to increase with the consumption of vegetables. The same trend was observed in this survey.



Among all of the 21 food groups examined, low vegetable intake and high sweets intake were most strongly associated with obesity in both men and women. A significant negative correlation between green-yellow vegetables and other vegetables and obesity was seen in both men and women. The threshold for a significant increase in the risk of obesity was ≥100 g for men and ≥86 g for women for green-yellow vegetables and ≥200 g for men, and ≥110 g for women for other vegetables. For fruits, there was a significant decrease in the OR for obesity in men with an intake of ≥64 g. The negative association with obesity in women was not as strong as in men. According to the Japanese National Health and Nutrition Examination Survey, 2019, the mean intakes of green-yellow vegetables in Japanese men and women were 79.8 g and 83.6 g, respectively, and those of other vegetables were 174.4 g for men and 161.3 g for women. Mean intakes of fruits were 87.6 g for men and 104.7 g for women. Thus, it would not seem very difficult for patients with diabetes to consume fruits and vegetables to the extent that exceeds the above thresholds.



A high intake of sweets was significantly associated with obesity in both men and women; however, there was a sex difference in the intake threshold, which was ≥38 g for men and ≥73 g for women. In terms of sugar-sweetened beverages, a significant association for obesity was seen only in men consuming even small amounts, such as ≥5 g. No association was observed in women. One reason could be the largely skewed proportion of individuals who refrained from eating these foods, which was in the bottom quartile, and reached as high as 74.8% for women (60.5% for men) and was therefore difficult to achieve statistical significance.



Since we found that among the 21 food groups examined, four food groups, i.e., total vegetables, fruits, soybeans/soy products, and sweets, were strongly associated with obesity, we investigated the risk of obesity related to several combinations of these four food groups to determine the potential additive associations. Combinations of low intake of total vegetables and low intake of fruits, as well as combinations of high intake of sweets and low intake of fruits, additively increased the obesity risk. The risk for obesity increased significantly in both men and women when intakes of both vegetables and fruits were in the third quartile compared with intakes in the top quartiles (Figure 1A). This suggests that both vegetables and fruits need to be consumed abundantly to avoid obesity. On the other hand, the risk for obesity was significantly elevated regardless of fruit intake by participants in the bottom quartile of intake of all vegetables, indicating that vegetable intake was more strongly associated with obesity than fruit intake.



It was reported that the higher the intake of fruits and vegetables, the lower the risk of developing diabetes [39]. A negative correlation between the amounts of fruits and vegetables consumed and BMI in people without diabetes has also been reported [40,41,42]. Although fruits are often believed to increase the risk of obesity because of their fructose content, it was shown that fruit intake is unlikely to contribute to obesity and, rather, moderately suppresses the risk [43]. However, few Japanese are aware of the daily recommended amounts of fruit and vegetable [44], and their fruit intake tends to be low compared to other countries [45]. In a study of Japanese men with type 2 diabetes over 65 years of age, a high intake of green-yellow vegetables was shown to be significantly associated with a low BMI [46]. Our results showed a significant association with a low BMI in men and women widely ranging in age that was not limited to green-yellow vegetables but to total vegetables.



The relationship between the consumption of legumes and obesity has been shown. The risk of overweight and obesity was reported to decrease by 12% for every 50 g/day increase in intake of legumes [14]. Legumes, mainly soybeans among Japanese people, have a high protein content, which is known to increase energy expenditure and may promote weight loss by inducing satiety. Soybeans are high in dietary fiber and promote a feeling of fullness [47,48,49]. Although the intake of legumes in some Western countries is reportedly low [48], their consumption in Japan is quite high as they are a staple of the traditional diet.



It is generally believed that a higher intake of sweets is associated with a greater risk of obesity. However, despite the many cross-sectional, longitudinal, and interventional studies to investigate the relationship between the consumption of sweets as snacks and obesity or weight gain, no consistent results have been obtained [50]. One reason is that the content, frequency, and the time of the intake of snacks are ambiguous in these studies. When snacking is limited to high-fat, high-sugar, energy-dense foods such as sweets and sugar-sweetened beverages, a significant positive correlation with obesity has been reported [51,52].



In the combined analysis of sweets and fruits shown in Figure 1D, most odds ratios for obesity were significantly high when sweets intake was above the median and fruit intake was below the median. In other words, if the intake of sweets did not exceed the median, the obesity risk was insignificant if fruit intake was approximately at the median. However, when fruit intake was in the bottom quartile, the risk for obesity was significantly high regardless of the amount of sweets intake. These results suggested that a moderate intake of sweets would be allowed if accompanied by the ingestion of median amounts of fruits such as half of an apple or one banana. However, even if fruit intake is increased, the association with obesity increases when sweets intake exceeds the median. Taken together, these findings suggest that reducing the intake of sweets can help with weight loss.



Our findings indicated that the amount of physical activity had a strong association with obesity since there was no difference in energy intake between the man and women obese and non-obese study participants, even though physical activity was much lower in obese than non-obese participants. Similar results were reported from Taiwan [53]. In addition, a cohort study from China involving 2488 people reported that work-related physical activity but not energy intake at baseline was an important determinant of weight gain [54]. Since obesity is known to be caused by an imbalance between energy intake and energy expenditure, the reasons for and background of the results, including whether it is a specific phenomenon seen in East Asia, are still a matter of debate.



The strength of this study is that it is a large-scale study of the association between a comprehensive list of food groups and obesity in patients with diabetes mellitus. Moreover, the additive associations with obesity in some food groups could be clarified. One limitation is its cross-sectional design, which cannot show a causal relationship. Another limitation is that the results may not be applicable to racial or ethnic groups that have different eating habits and genetic backgrounds.




5. Conclusions


Food groups, and their combinations, which are significantly associated with obesity for Japanese patients with type 2 diabetes, were identified. Our findings also suggest an inverse association between the traditional Japanese diet and obesity.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/nu14153034/s1. Table S1. Characteristics of participants between under 65 and over 65 age by sex, Table S2 Food groups stratified and obesity status between under 65 and over 65 age by sex, Supplemental list of participants.





Author Contributions


M.H. analyzed the data; drafted, reviewed, and edited the manuscript; and contributed to the discussion. H.S. and K.F. conducted, designed, and supervised the study; reviewed and edited the manuscript; and contributed to the discussion. M.H., C.H., Y.T., I.I., S.Y.M., N.K., M.K., H.Y., Y.K., H.M., K.F. and H.S. reviewed and edited the manuscript, assisted in writing the paper, reviewed the final manuscript, and gave approval for publication. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by a Grant–in–Aid for Scientific Research (#21K11569, #21K21215, #22H03529) from the Japan Society for the Promotion of Science (JSPS).




Institutional Review Board Statement


All procedures performed in studies involving human participants were in accordance with the ethical standards of the JDDM (2014-5, approved on 8 June 2014), Niigata University (1927, approved on 23 June 2014) and Health Research Involving Human Subjects in Japan and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.




Informed Consent Statement


Informed consent was obtained from all participants involved in the study.




Data Availability Statement


We are unable to provide an anonymized dataset containing the underlying data used to create the figures and tables because these data are the private property of the JDDM Study Group. Making it available to anyone in the general public would cause a loss of ownership of the data by the JDDM Study Group.




Acknowledgments


The authors would like to thank members of JDDM who participated in the study. Members are shown in the supplemental list of participants.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Knowler, W.C.; Barrett-Connor, E.; Fowler, S.E.; Hamman, R.F.; Lachin, J.M.; Walker, E.A.; Nathan, D.M. Reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin. N. Engl. J. Med. 2002, 346, 393–403. [Google Scholar] [CrossRef] [PubMed]

	



Guh, D.P.; Zhang, W.; Bansback, N.; Amarsi, Z.; Birmingham, C.L.; Anis, A.H. The incidence of co-morbidities related to obesity and overweight: A systematic review and meta-analysis. BMC Public Health 2009, 9, 88. [Google Scholar] [CrossRef] [PubMed]

	



Wilding, J.P. The importance of weight management in type 2 diabetes mellitus. Int. J. Clin. Pract. 2014, 68, 682–691. [Google Scholar] [CrossRef] [PubMed]

	



Tobias, D.K.; Pan, A.; Jackson, C.L.; O’Reilly, E.J.; Ding, E.L.; Willett, W.C.; Manson, J.E.; Hu, F.B. Body-mass index and mortality among adults with incident type 2 diabetes. N. Engl. J. Med. 2014, 370, 233–244. [Google Scholar] [CrossRef]

	



Hu, F.B. Globalization of diabetes: The role of diet, lifestyle, and genes. Diabetes Care 2011, 34, 1249–1257. [Google Scholar] [CrossRef]

	



Zheng, Y.; Ley, S.H.; Hu, F.B. Global aetiology and epidemiology of type 2 diabetes mellitus and its complications. Nature reviews. Endocrinology 2018, 14, 88–98. [Google Scholar] [CrossRef]

	



NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in diabetes since 1980: A pooled analysis of 751 population-based studies with 4.4 million participants. Lancet 2016, 387, 1513–1530. [Google Scholar] [CrossRef]

	



Saeedi, P.; Petersohn, I.; Salpea, P.; Malanda, B.; Karuranga, S.; Unwin, N.; Colagiuri, S.; Guariguata, L.; Motala, A.A.; Ogurtsova, K.; et al. Global and regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045: Results from the International Diabetes Federation Diabetes Atlas, 9(th) edition. Diabetes Res. Clin. Pract. 2019, 157, 107843. [Google Scholar] [CrossRef]

	



Franz, M.J.; Boucher, J.L.; Rutten-Ramos, S.; VanWormer, J.J. Lifestyle weight-loss intervention outcomes in overweight and obese adults with type 2 diabetes: A systematic review and meta-analysis of randomized clinical trials. J. Acad. Nutr. Diet. 2015, 115, 1447–1463. [Google Scholar] [CrossRef]

	



Shay, C.M.; Van Horn, L.; Stamler, J.; Dyer, A.R.; Brown, I.J.; Chan, Q.; Miura, K.; Zhao, L.; Okuda, N.; Daviglus, M.L.; et al. Food and nutrient intakes and their associations with lower BMI in middle-aged US adults: The International Study of Macro-/Micronutrients and Blood Pressure (INTERMAP). Am. J. Clin. Nutr. 2012, 96, 483–491. [Google Scholar] [CrossRef]

	



Vergnaud, A.C.; Norat, T.; Romaguera, D.; Mouw, T.; May, A.M.; Romieu, I.; Freisling, H.; Slimani, N.; Boutron-Ruault, M.C.; Clavel-Chapelon, F.; et al. Fruit and vegetable consumption and prospective weight change in participants of the European Prospective Investigation into Cancer and Nutrition-Physical Activity, Nutrition, Alcohol, Cessation of Smoking, Eating Out of Home, and Obesity study. Am. J. Clin. Nutr. 2012, 95, 184–193. [Google Scholar] [CrossRef] [PubMed]

	



Tian, X.; Huang, Y.; Wang, H. Deviation of Chinese Adults’ Diet from the Chinese Food Pagoda 2016 and Its Association with Adiposity. Nutrients 2017, 9, 995. [Google Scholar] [CrossRef] [PubMed]

	



Carlos, S.; De La Fuente-Arrillaga, C.; Bes-Rastrollo, M.; Razquin, C.; Rico-Campà, A.; Martínez-González, M.A.; Ruiz-Canela, M. Mediterranean Diet and Health Outcomes in the SUN Cohort. Nutrients 2018, 10, 439. [Google Scholar] [CrossRef] [PubMed]

	



Schlesinger, S.; Neuenschwander, M.; Schwedhelm, C.; Hoffmann, G.; Bechthold, A.; Boeing, H.; Schwingshackl, L. Food Groups and Risk of Overweight, Obesity, and Weight Gain: A Systematic Review and Dose-Response Meta-Analysis of Prospective Studies. Adv. Nutr. 2019, 10, 205–218. [Google Scholar] [CrossRef]

	



Nour, M.; Lutze, S.A.; Grech, A.; Allman-Farinelli, M. The Relationship between Vegetable Intake and Weight Outcomes: A Systematic Review of Cohort Studies. Nutrients 2018, 10, 1626. [Google Scholar] [CrossRef]

	



Yuan, S.; Yu, H.J.; Liu, M.W.; Huang, Y.; Yang, X.H.; Tang, B.W.; Song, Y.; Cao, Z.K.; Wu, H.J.; He, Q.Q.; et al. The association of fruit and vegetable consumption with changes in weight and body mass index in Chinese adults: A cohort study. Public Health 2018, 157, 121–126. [Google Scholar] [CrossRef]

	



Lean, M.E.; Leslie, W.S.; Barnes, A.C.; Brosnahan, N.; Thom, G.; McCombie, L.; Peters, C.; Zhyzhneuskaya, S.; Al-Mrabeh, A.; Hollingsworth, K.G.; et al. Primary care-led weight management for remission of type 2 diabetes (DiRECT): An open-label, cluster-randomised trial. Lancet 2018, 391, 541–551. [Google Scholar] [CrossRef]

	



Yamada, Y.; Uchida, J.; Izumi, H.; Tsukamoto, Y.; Inoue, G.; Watanabe, Y.; Irie, J.; Yamada, S. A non-calorie-restricted low-carbohydrate diet is effective as an alternative therapy for patients with type 2 diabetes. Intern. Med. 2014, 53, 13–19. [Google Scholar] [CrossRef]

	



Saslow, L.R.; Daubenmier, J.J.; Moskowitz, J.T.; Kim, S.; Murphy, E.J.; Phinney, S.D.; Ploutz-Snyder, R.; Goldman, V.; Cox, R.M.; Mason, A.E.; et al. Twelve-month outcomes of a randomized trial of a moderate-carbohydrate versus very low-carbohydrate diet in overweight adults with type 2 diabetes mellitus or prediabetes. Nutr. Diabetes 2017, 7, 304. [Google Scholar] [CrossRef]

	



Yancy, W.S., Jr.; Crowley, M.J.; Dar, M.S.; Coffman, C.J.; Jeffreys, A.S.; Maciejewski, M.L.; Voils, C.I.; Bradley, A.B.; Edelman, D. Comparison of Group Medical Visits Combined With Intensive Weight Management vs Group Medical Visits Alone for Glycemia in Patients With Type 2 Diabetes: A Noninferiority Randomized Clinical Trial. JAMA Intern. Med. 2020, 180, 70–79. [Google Scholar] [CrossRef]

	



Shai, I.; Schwarzfuchs, D.; Henkin, Y.; Shahar, D.R.; Witkow, S.; Greenberg, I.; Golan, R.; Fraser, D.; Bolotin, A.; Vardi, H.; et al. Weight loss with a low-carbohydrate, Mediterranean, or low-fat diet. N. Engl. J. Med. 2008, 359, 229–241. [Google Scholar] [CrossRef] [PubMed]

	



Estruch, R.; Ros, E.; Salas-Salvadó, J.; Covas, M.I.; Corella, D.; Arós, F.; Gómez-Gracia, E.; Ruiz-Gutiérrez, V.; Fiol, M.; Lapetra, J.; et al. Primary Prevention of Cardiovascular Disease with a Mediterranean Diet Supplemented with Extra-Virgin Olive Oil or Nuts. N. Engl. J. Med. 2018, 378, e34. [Google Scholar] [CrossRef] [PubMed]

	



American Diabetes Association Professional Practice Committee. 5. Facilitating Behavior Change and Well-being to Improve Health Outcomes: Standards of Medical Care in Diabetes-2022. Diabetes Care 2022, 45, S60–S82. [Google Scholar] [CrossRef] [PubMed]

	



American Diabetes Association Professional Practice Committee. 8. Obesity and Weight Management for the Prevention and Treatment of Type 2 Diabetes: Standards of Medical Care in Diabetes-2022. Diabetes Care 2022, 45, S113–S124. [Google Scholar] [CrossRef] [PubMed]

	



Wing, R.R.; Bolin, P.; Brancati, F.L.; Bray, G.A.; Clark, J.M.; Coday, M.; Crow, R.S.; Curtis, J.M.; Egan, C.M.; Espeland, M.A.; et al. Cardiovascular effects of intensive lifestyle intervention in type 2 diabetes. N. Engl. J. Med. 2013, 369, 145–154. [Google Scholar] [CrossRef] [PubMed]

	



Wing, R.R.; Bray, G.A.; Cassidy-Begay, M.; Clark, J.M.; Coday, M.; Egan, C.; Evans, M.; Foreyt, J.P.; Glasser, S.; Gregg, E.W.; et al. Effects of Intensive Lifestyle Intervention on All-Cause Mortality in Older Adults With Type 2 Diabetes and Overweight/Obesity: Results From the Look AHEAD Study. Diabetes Care 2022, 45, 1252–1259. [Google Scholar] [CrossRef]

	



Kobayashi, M.; Yamazaki, K.; Hirao, K.; Oishi, M.; Kanatsuka, A.; Yamauchi, M.; Takagi, H.; Kawai, K. The status of diabetes control and antidiabetic drug therapy in Japan--a cross-sectional survey of 17,000 patients with diabetes mellitus (JDDM 1). Diabetes Res. Clin. Pract. 2006, 73, 198–204. [Google Scholar] [CrossRef] [PubMed]

	



Takahashi, K.; Yoshimura, Y.; Kaimoto, T.; Kunii, D.; Komatsu, T.; Yamamoto, S. Validation of a food frequency questionnaire based on food groups for estimating individual nutrient intake. Jpn. J. Nutr. Diet. 2001, 59, 221–232. [Google Scholar] [CrossRef]

	



Horikawa, C.; Yoshimura, Y.; Kamada, C.; Tanaka, S.; Tanaka, S.; Takahashi, A.; Hanyu, O.; Araki, A.; Ito, H.; Tanaka, A.; et al. Dietary intake in Japanese patients with type 2 diabetes: Analysis from Japan Diabetes Complications Study. J. Diabetes Investig. 2014, 5, 176–187. [Google Scholar] [CrossRef]

	



Murase, N.; Katsumura, T.; Ueda, C.; Inoue, S.; Shimomitsu, T. Validity and reliability of Japanese version of International Physical Activity Questionnaire. J. Health Welf. Stat. 2002, 49, 1–9. [Google Scholar]

	



Craig, C.L.; Marshall, A.L.; Sjostrom, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.; Yngve, A.; Sallis, J.F.; et al. International physical activity questionnaire: 12-country reliability and validity. Med. Sci. Sports Exerc. 2003, 35, 1381–1395. [Google Scholar] [CrossRef] [PubMed]

	



Fardet, A.; Boirie, Y. Associations between food and beverage groups and major diet-related chronic diseases: An exhaustive review of pooled/meta-analyses and systematic reviews. Nutr. Rev. 2014, 72, 741–762. [Google Scholar] [CrossRef] [PubMed]

	



Takeda, Y.; Fujihara, K.; Nedachi, R.; Ikeda, I.; Morikawa, S.Y.; Hatta, M.; Horikawa, C.; Kato, M.; Kato, N.; Yokoyama, H.; et al. Comparing Associations of Dietary Energy Density and Energy Intake, Macronutrients with Obesity in Patients with Type 2 Diabetes (JDDM 63). Nutrients 2021, 13, 3167. [Google Scholar] [CrossRef] [PubMed]

	



Popkin, B.M.; Adair, L.S.; Ng, S.W. Global nutrition transition and the pandemic of obesity in developing countries. Nutr. Rev. 2012, 70, 3–21. [Google Scholar] [CrossRef]

	



Ley, S.H.; Hamdy, O.; Mohan, V.; Hu, F.B. Prevention and management of type 2 diabetes: Dietary components and nutritional strategies. Lancet 2014, 383, 1999–2007. [Google Scholar] [CrossRef]

	



Shimazu, T.; Kuriyama, S.; Hozawa, A.; Ohmori, K.; Sato, Y.; Nakaya, N.; Nishino, Y.; Tsubono, Y.; Tsuji, I. Dietary patterns and cardiovascular disease mortality in Japan: A prospective cohort study. Int. J. Epidemiol. 2007, 36, 600–609. [Google Scholar] [CrossRef]

	



Matsuyama, S.; Sawada, N.; Tomata, Y.; Zhang, S.; Goto, A.; Yamaji, T.; Iwasaki, M.; Inoue, M.; Tsuji, I.; Tsugane, S. Association between adherence to the Japanese diet and all-cause and cause-specific mortality: The Japan Public Health Center-based Prospective Study. Eur. J. Nutr. 2021, 60, 1327–1336. [Google Scholar] [CrossRef]

	



Ibe, Y.; Takahashi, Y.; Sone, H. Food groups and weight gain in Japanese men. Clin. Obes. 2014, 4, 157–164. [Google Scholar] [CrossRef]

	



Halvorsen, R.E.; Elvestad, M.; Molin, M.; Aune, D. Fruit and vegetable consumption and the risk of type 2 diabetes: A systematic review and dose-response meta-analysis of prospective studies. BMJ Nutr. Prev. Health 2021, 4, 519–531. [Google Scholar] [CrossRef]

	



Mozaffarian, D.; Hao, T.; Rimm, E.B.; Willett, W.C.; Hu, F.B. Changes in diet and lifestyle and long-term weight gain in women and men. N. Engl. J. Med. 2011, 364, 2392–2404. [Google Scholar] [CrossRef]

	



Ledoux, T.A.; Hingle, M.D.; Baranowski, T. Relationship of fruit and vegetable intake with adiposity: A systematic review. Obes. Rev. 2011, 12, e143–e150. [Google Scholar] [CrossRef] [PubMed]

	



Schwingshackl, L.; Hoffmann, G.; Kalle-Uhlmann, T.; Arregui, M.; Buijsse, B.; Boeing, H. Fruit and Vegetable Consumption and Changes in Anthropometric Variables in Adult Populations: A Systematic Review and Meta-Analysis of Prospective Cohort Studies. PLoS ONE 2015, 10, e0140846. [Google Scholar] [CrossRef] [PubMed]

	



Guyenet, S.J. Impact of Whole, Fresh Fruit Consumption on Energy Intake and Adiposity: A Systematic Review. Front. Nutr. 2019, 6, 66. [Google Scholar] [CrossRef] [PubMed]

	



Wang, D.H.; Kogashiwa, M.; Mori, N.; Yamashita, S.; Fujii, W.; Ueda, N.; Homma, H.; Suzuki, H.; Masuoka, N. Psychosocial Determinants of Fruit and Vegetable Consumption in a Japanese Population. Int. J. Environ. Res. Public Health 2016, 13, 786. [Google Scholar] [CrossRef] [PubMed]

	



Mo, X.; Gai, R.T.; Sawada, K.; Takahashi, Y.; Cox, S.E.; Nakayama, T.; Mori, R. Coronary heart disease and stroke disease burden attributable to fruit and vegetable intake in Japan: Projected DALYS to 2060. BMC Public Health 2019, 19, 707. [Google Scholar] [CrossRef]

	



Takahashi, K.; Kamada, C.; Yoshimura, H.; Okumura, R.; Iimuro, S.; Ohashi, Y.; Araki, A.; Umegaki, H.; Sakurai, T.; Yoshimura, Y.; et al. Effects of total and green vegetable intakes on glycated hemoglobin A1c and triglycerides in elderly patients with type 2 diabetes mellitus: The Japanese Elderly Intervention Trial. Geriatr. Gerontol. Int. 2012, 12 (Suppl. 1), 50–58. [Google Scholar] [CrossRef]

	



Velasquez, M.T.; Bhathena, S.J. Role of dietary soy protein in obesity. Int. J. Med. Sci. 2007, 4, 72–82. [Google Scholar] [CrossRef]

	



McCrory, M.A.; Hamaker, B.R.; Lovejoy, J.C.; Eichelsdoerfer, P.E. Pulse consumption, satiety, and weight management. Adv. Nutr. 2010, 1, 17–30. [Google Scholar] [CrossRef]

	



Rebello, C.J.; Greenway, F.L.; Finley, J.W. A review of the nutritional value of legumes and their effects on obesity and its related co-morbidities. Obes. Rev. 2014, 15, 392–407. [Google Scholar] [CrossRef]

	



Njike, V.Y.; Smith, T.M.; Shuval, O.; Shuval, K.; Edshteyn, I.; Kalantari, V.; Yaroch, A.L. Snack Food, Satiety, and Weight. Adv. Nutr. 2016, 7, 866–878. [Google Scholar] [CrossRef]

	



Bray, G.A.; Popkin, B.M. Dietary sugar and body weight: Have we reached a crisis in the epidemic of obesity and diabetes?: Health be damned! Pour on the sugar. Diabetes Care 2014, 37, 950–956. [Google Scholar] [CrossRef] [PubMed]

	



O’Connor, L.; Brage, S.; Griffin, S.J.; Wareham, N.J.; Forouhi, N.G. The cross-sectional association between snacking behaviour and measures of adiposity: The Fenland Study, UK. Br. J. Nutr. 2015, 114, 1286–1293. [Google Scholar] [CrossRef] [PubMed]

	



Chang, H.C.; Yang, H.C.; Chang, H.Y.; Yeh, C.J.; Chen, H.H.; Huang, K.C.; Pan, W.H. Morbid obesity in Taiwan: Prevalence, trends, associated social demographics, and lifestyle factors. PLoS ONE 2017, 12, e0169577. [Google Scholar] [CrossRef] [PubMed]

	



Bell, A.C.; Ge, K.; Popkin, B.M. Weight gain and its predictors in Chinese adults. Int. J. Obes. Relat. Metab. Disord. 2001, 25, 1079–1086. [Google Scholar] [CrossRef]








[image: Nutrients 14 03034 g001a 550][image: Nutrients 14 03034 g001b 550][image: Nutrients 14 03034 g001c 550] 





Figure 1. Odds ratios for obesity for four combinations of quartiles of each of food groups. (A). Odds ratios for obesity according to the combination of vegetables and fruits in quartiles by multi-logistic regression analysis. To investigate the interaction between vegetables and fruits in relation to obesity, 16 groups were formed by combining vegetables and fruits by quartiles. Multiple logistic regression analysis was used to investigate the odds ratios (OR) for obesity, with the reference group being the top quartile. (B). Odds ratios for obesity according to the combination of vegetables and soybeans/soy products in quartiles by multi-logistic regression analysis. To investigate the interaction between vegetables and soybeans/soy products in relation to obesity, 16 groups were formed by combining vegetables and soybeans/soy products by quartiles. Multiple logistic regression analysis was used to investigate the odds ratios (OR) for obesity, with the reference group being the top quartile. (C). Odds ratios for obesity according to the combination of fruits and soybeans/soy products in quartiles by multi-logistic regression analysis. To investigate the interaction between fruits and soybeans/soy products in relation to obesity, 16 groups were formed by combining fruits and soybeans/soy products by quartile. Multiple logistic regression analysis was used to investigate the odds ratios (OR) for obesity, with the reference group being the top quartile. (D). Odds ratios for obesity according to the combination of fruits and sweets in quartiles by multi-logistic regression analysis. To investigate the interaction between fruits and sweets in relation to obesity, 16 groups were formed by combining fruits and sweets by quartiles. Multiple logistic regression analysis was used to investigate the odds ratios (OR) for obesity, with the reference group for fruits being the top quantile and that for sweets being the bottom quantile. 
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Table 1. Characteristics of participants.
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Men (n = 1280)

	
Women (n = 790)




	

	
BMI < 25.0

(n = 625)

	
BMI ≥ 25.0

(n = 655)

	
p

	
BMI < 25.0

(n = 400)

	
BMI ≥ 25.0

(n = 390)

	
p






	
Age (years)

	
64.6 ± 10.5

	
57.3 ± 11.8

	
<0.001

	
67.7 ± 10.8

	
60.6 ± 13.7

	
<0.001




	
BMI (kg/m2)

	
22.4 ± 1.8

	
28.8 ± 3.6

	
<0.001

	
21.7 ± 2.2

	
29.6 ± 4.2

	
<0.001




	
Duration of diabetes (years)

	
12.8 ± 8.2

	
10.6 ± 7.1

	
<0.001

	
12.4 ± 8.3

	
11.1 ± 7.4

	
0.057




	
Systolic blood pressure (mmHg)

	
127 ± 15

	
129 ± 15

	
0.043

	
126 ± 18

	
126 ± 14

	
0.846




	
LDL cholesterol (mg/dL)

	
108 ± 25

	
106 ± 28

	
0.154

	
117 ± 36

	
107 ± 28

	
0.102




	
HDL cholesterol (mg/dL)

	
57 ± 17

	
50 ± 13

	
<0.001

	
64 ± 16

	
57 ± 14

	
<0.001




	
Triglycerides (mg/dL)

	
157 ± 131

	
192 ± 158

	
<0.001

	
133 ± 82

	
166 ± 103

	
<0.001




	
HbA1c (%)

	
7.0 ± 1.0

	
7.4 ± 1.2

	
<0.001

	
7.2 ± 1.1

	
7.3 ± 1.1

	
0.196




	
Current smoking (%)

	
23.4

	
26.4

	
0.009

	
5.5

	
9.7

	
0.072




	
Drinking alcohol (%)

	
63.5

	
56.9

	
0.016

	
25.8

	
24.9

	
0.777




	
Energy intake (kcal)

	
1817 ± 425

	
1863 ± 475

	
0.238

	
1682 ± 334

	
1685 ± 402

	
0.940




	
Protein (% energy)

	
14.9 ± 2.2

	
14.4 ± 2.3

	
0.001

	
15.7 ± 2.1

	
14.9 ± 2.1

	
<0.001




	
Fat (% energy)

	
28.8 ± 5.3

	
29.7 ± 5.7

	
0.001

	
30 ± 4.9

	
30.5 ± 5

	
0.105




	
Carbohydrate (% energy)

	
56.3 ± 6.5

	
55.8 ± 7.1

	
0.050

	
54.3 ± 5.7

	
54.6 ± 5.9

	
0.720




	
Treated by OHA and/or GLP-1RA (%)

	
77.0

	
79.5

	
0.314

	
74.4

	
81.1

	
0.044




	
Treated by insulin (%)

	
24.5

	
27.2

	
0.324

	
29.6

	
30.8

	
0.755




	
Physical activity (METs h/w) †

	
19.8 (8.5–44.2)

	
13.2 (4.4–33.3)

	
<0.001

	
14.3 (6.6–27.1)

	
11.6 (4.0–26.5)

	
0.025








Data are mean ± standard deviation or n (%). † Physical activity (metabolic equivalents [METs] h/w) are median. Differences in the continuous and categorical variables were analyzed by Student’s t-test or Mann–Whitney U tests and chi-square (χ2) tests, respectively. BMI, body mass index; LDL-cholesterol, low-density lipoprotein cholesterol; HDL-cholesterol, high-density lipoprotein cholesterol; OHA, oral hypoglycemic agent; GLP-1RA, GLP-1 receptor agonist.
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Table 2. Food groups stratified by sex and obesity status.
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Men (n = 1280)

	
Women (n = 790)




	

	
BMI < 25.0

(n = 625)

	
BMI ≥ 25.0

(n = 655)

	
p

	
BMI < 25.0

(n = 400)

	
BMI ≥ 25.0

(n = 390)

	
p






	
Grains (g)

	
371 ± 120

	
380 ± 124

	
0.225

	
325 ± 84

	
332 ± 90

	
0.093




	
   Rice (g)

	
263 ± 125

	
277 ± 128

	
0.024

	
233 ± 97

	
238 ± 105

	
0.367




	
   Bread (g)

	
39 ± 36

	
34 ± 37

	
0.003

	
40 ± 31

	
36 ± 30

	
0.036




	
   Noodles (g)

	
69 ± 58

	
70 ± 59

	
0.762

	
52 ± 48

	
58 ± 51

	
0.130




	
Potato (g)

	
26 ± 26

	
23 ± 25

	
0.036

	
36 ± 30

	
32 ± 28

	
0.039




	
Total vegetables (g)

	
236 ± 115

	
204 ± 109

	
<0.001

	
276 ± 109

	
239 ± 116

	
<0.001




	
   Green-yellow vegetables (g)

	
82 ± 45

	
68 ± 43

	
<0.001

	
98 ± 45

	
83 ± 46

	
<0.001




	
   Other vegetables (g)

	
155 ± 79

	
137 ± 77

	
<0.001

	
178 ± 73

	
156 ± 79

	
<0.001




	
Fruits (g)

	
85 ± 68

	
69 ± 73

	
<0.001

	
106 ± 69

	
88 ± 71

	
<0.001




	
Seaweed (g)

	
4.8 ± 3.5

	
4.2 ± 3.4

	
0.002

	
5.4 ± 3.7

	
5.0 ± 4.5

	
0.006




	
Fish/Seafood (g)

	
78 ± 46

	
71 ± 47

	
0.003

	
78 ± 41

	
65 ± 38

	
<0.001




	
Meat/Processed Meat (g)

	
76 ± 48

	
90 ± 54

	
<0.001

	
67 ± 40

	
75 ± 48

	
0.046




	
Eggs (g)

	
28 ± 19

	
29 ± 21

	
0.411

	
25 ± 16

	
26 ± 17

	
0.589




	
Soybeans/Soy products (g)

	
63 ± 43

	
56 ± 42

	
0.001

	
71 ± 42

	
63 ± 42

	
0.004




	
Milk/Dairy product (g)

	
138 ± 108

	
125 ± 112

	
0.004

	
151 ± 95

	
130 ± 98

	
<0.001




	
   Milk (g)

	
86 ± 94

	
78 ± 95

	
0.112

	
89 ± 78

	
78 ± 85

	
0.013




	
   Other dairy products (g)

	
52 ± 42

	
47 ± 42

	
0.007

	
62 ± 45

	
51 ± 40

	
0.001




	
Sugar (g)

	
7.1 ± 5.5

	
6.4 ± 5.5

	
0.003

	
9.1 ± 5.5

	
7.7 ± 5.3

	
<0.001




	
Nuts and seeds (g)

	
3.6 ± 5.8

	
3.2 ± 6.4

	
0.124

	
4.2 ± 6

	
2.8 ± 5.2

	
0.002




	
Fats and oils (g)

	
12.3 ± 7.7

	
12.6 ± 7.6

	
0.437

	
11.2 ± 7.6

	
11.9 ± 7.4

	
0.137




	
Seasonings and spices (g)

	
23 ± 12.4

	
24.2 ± 12.8

	
0.088

	
19.7 ± 10

	
19.9 ± 11

	
0.967




	
Sweets (g)

	
42 ± 41

	
53 ± 42

	
<0.001

	
45 ± 36

	
58 ± 44

	
<0.001




	
Sugar-sweetened beverages (g)

	
43 ± 107

	
63 ± 117

	
<0.001

	
15 ± 41

	
27 ± 75

	
<0.001




	
Alcoholic beverages (g)

	
133.9 ± 151.5

	
119.2 ± 160.9

	
0.013

	
23.3 ± 59.2

	
24.3 ± 63.8

	
0.822








Differences in the continuous and categorical variables were analyzed by Mann-Whitney U tests.
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Table 3. Association between obesity and food groups according to quartiles with ranges by multivariate quartile analysis (men).
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	Quartile 1 (Low)
	Quartile 2
	Quartile 3
	Quartile 4 (High)
	p for Trend





	Grains
	Range (g)
	<317
	<384
	<428
	≥428
	



	
	
	reference
	0.82 (0.56–1.21)
	0.87 (0.59–1.28)
	0.79 (0.51–1.24)
	0.387



	   Rice
	Range (g)
	<193
	<270
	<347
	≥347
	



	
	
	reference
	1.03 (0.70–1.52)
	1.10 (0.75–1.61)
	0.93 (0.63–1.38)
	0.805



	   Bread
	Range (g)
	<4
	<26
	<60
	≥60
	



	
	
	reference
	1.17 (0.79–1.73)
	1.02 (0.70–1.49)
	0.73 (0.51–1.05)
	0.070



	   Noodles
	Range (g)
	<26
	<51
	<103
	≥103
	



	
	
	reference
	1.94 (1.24–3.04)
	1.54 (1.03–2.29)
	1.73 (1.14–2.61)
	0.058



	Potato
	Range (g)
	<7
	<14
	<36
	≥36
	



	
	
	reference
	1.33 (0.82–2.18)
	0.81 (0.56–1.16)
	0.87 (0.57–1.32)
	0.197



	Total vegetables
	Range (g)
	<136
	<205
	<296
	≥296
	



	
	
	reference
	0.74 (0.51–1.07)
	0.65 (0.44–0.96)
	0.44 (0.29–0.65)
	<0.001



	   Green-yellow vegetables
	Range (g)
	<43
	<71
	<100
	≥100
	



	
	
	reference
	0.75 (0.51–1.09)
	0.66 (0.44–1.01)
	0.46 (0.31–0.68)
	<0.001



	   Other vegetables
	Range (g)
	<86
	<134
	<200
	≥200
	



	
	
	reference
	0.92 (0.64–1.34)
	0.69 (0.47–1.01)
	0.53 (0.36–0.78)
	0.001



	Fruits
	Range (g)
	<21
	<64
	<150
	≥150
	



	
	
	reference
	0.74 (0.50–1.10)
	0.60 (0.40–0.90)
	0.52 (0.34–0.79)
	0.001



	Seaweed
	Range (g)
	<1.4
	<4.3
	<6.4
	≥6.4
	



	
	
	reference
	1.07 (0.69–1.66)
	0.89 (0.56–1.43)
	0.80 (0.49–1.30)
	0.145



	Fish/Seafood
	Range (g)
	<43
	<69
	<97
	≥97
	



	
	
	reference
	0.80 (0.55–1.18)
	0.68 (0.47–1.00)
	0.73 (0.49–1.10)
	0.093



	Meat/Processed Meat
	Range (g)
	<46
	<74
	<114
	≥114
	



	
	
	reference
	0.91 (0.62–1.32)
	1.02 (0.68–1.52)
	1.02 (0.66–1.59)
	0.789



	Eggs
	Range (g)
	<14
	<21
	<43
	≥43
	



	
	
	reference
	0.88 (0.55–1.41)
	1.03 (0.71–1.52)
	0.82 (0.54–1.24)
	0.503



	Soybeans/Soy products
	Range (g)
	<30
	<50
	<80
	≥80
	



	
	
	reference
	0.92 (0.62–1.36)
	0.76 (0.52–1.11)
	0.65 (0.44–0.96)
	0.020



	Milk/Dairy product
	Range (g)
	<49
	<109
	<197
	≥197
	



	
	
	reference
	1.33 (0.92–1.93)
	1.14 (0.78–1.68)
	0.82 (0.55–1.22)
	0.263



	   Milk
	Range (g)
	<3
	<73
	<170
	≥170
	



	
	
	reference
	1.58 (1.07–2.32)
	1.59 (1.09–2.32)
	0.95 (0.66–1.36)
	0.987



	   Other dairy product
	Range (g)
	<18
	<43
	<70
	≥70
	



	
	
	reference
	1.00 (0.69–1.46)
	0.77 (0.52–1.12)
	0.70 (0.47–1.06)
	0.042



	Sugar
	Range (g)
	<2.8
	<5.4
	<9.5
	≥9.5
	



	
	
	reference
	0.81 (0.55–1.18)
	0.80 (0.54–1.19)
	0.98 (0.64–1.49)
	0.894



	Nuts and seeds
	Range (g)
	<0.1
	<1.1
	<3.6
	≥3.6
	



	
	
	reference
	0.65 (0.44–0.96)
	0.92 (0.62–1.39)
	0.78 (0.50–1.20)
	0.787



	Fats and oils
	Range (g)
	<6.9
	<11.3
	<16.9
	≥16.9
	



	
	
	reference
	0.97 (0.66–1.41)
	1.05 (0.71–1.54)
	0.69 (0.46–1.04)
	0.128



	Seasoning and spices
	Range (g)
	<15.8
	<22.1
	<29.6
	≥29.6
	



	
	
	reference
	0.88 (0.60–1.30)
	1.37 (0.93–2.01)
	1.40 (0.92–2.11)
	0.032



	Sweets
	Range (g)
	<17
	<38
	<67
	≥67
	



	
	
	reference
	1.29 (0.88–1.90)
	1.84 (1.25–2.71)
	2.58 (1.69–3.94)
	<0.001



	Sugar-sweetened beverages
	Range (g)
	<5
	<50
	<143
	≥143
	



	
	
	reference
	1.53 (1.03–2.27)
	1.96 (1.31–2.93)
	2.35 (1.50–3.68)
	<0.001



	Alcoholic beverages
	Range (g)
	<10.7
	<128.6
	<300.0
	≥300.0
	



	
	
	reference
	0.88 (0.61–1.26)
	0.66 (0.45–0.96)
	0.85 (0.59–1.20)
	0.876







Logistic regression models adjusted for age, current smoking, current alcohol drinking, diabetes duration, physical activity, energy intake, treated by insulin, treated by OHA.
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Table 4. Association between obesity and food groups according to quartiles with ranges by multivariate quartile analysis (women).
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	Quartile 1 (Low)
	Quartile 2
	Quartile 3
	Quartile 4 (High)
	p for Trend





	Grains
	Range (g)
	<279
	<336
	<390
	≥390
	



	
	
	reference
	0.70 (0.43–1.16)
	1.25 (0.75–2.08)
	0.92 (0.55–1.55)
	0.679



	   Rice
	Range (g)
	<174
	<231
	<309
	≥309
	



	
	
	reference
	0.61 (0.36–1.03)
	0.82 (0.51–1.32)
	0.93 (0.56–1.54)
	0.947



	   Bread
	Range (g)
	<9
	<34
	<60
	≥60
	



	
	
	reference
	0.53 (0.31–0.90)
	0.63 (0.36–1.11)
	0.53 (0.31–0.90)
	0.088



	   Noodles
	Range (g)
	<26
	<51
	<77
	≥77
	



	
	
	reference
	1.22 (0.72–2.05)
	1.10 (0.65–1.86)
	1.38 (0.87–2.19)
	0.221



	Potato
	Range (g)
	<14
	<29
	<43
	≥43
	



	
	
	reference
	0.90 (0.54–1.52)
	0.91 (0.52–1.58)
	0.92 (0.55–1.53)
	0.797



	Total vegetables
	Range (g)
	<171
	<252
	<340
	≥340
	



	
	
	reference
	0.50 (0.31–0.83)
	0.51 (0.31–0.85)
	0.38 (0.23–0.64)
	0.001



	   Green-yellow vegetables
	Range (g)
	<57
	<86
	<125
	≥125
	



	
	
	reference
	0.96 (0.59–1.57)
	0.56 (0.34–0.93)
	0.49 (0.29–0.80)
	0.001



	   Other vegetables
	Range (g)
	<110
	<163
	<223
	≥223
	



	
	
	reference
	0.53 (0.32–0.87)
	0.49 (0.29–0.81)
	0.39 (0.24–0.65)
	<0.001



	Fruits
	Range (g)
	<32
	<86
	<150
	≥150
	



	
	
	reference
	0.99 (0.60–1.63)
	1.74 (0.93–3.25)
	0.63 (0.38–1.05)
	0.078



	Seaweed
	Range (g)
	<2.1
	<4.3
	<7.1
	≥7.1
	



	
	
	reference
	0.70 (0.42–1.18)
	1.00 (0.59–1.68)
	0.68 (0.41–1.14)
	0.325



	Fish/Seafood
	Range (g)
	<44
	<66
	<95
	≥95
	



	
	
	reference
	0.68 (0.42–1.11)
	0.78 (0.47–1.29)
	0.51 (0.30–0.88)
	0.036



	Meat/Processed Meat
	Range (g)
	<40
	<63
	<91
	≥91
	



	
	
	reference
	1.18 (0.73–1.91)
	0.80 (0.48–1.33)
	1.24 (0.70–2.20)
	0.869



	Eggs
	Range (g)
	<14
	<21
	<36
	≥36
	



	
	
	reference
	1.57 (0.90–2.74)
	1.24 (0.75–2.07)
	1.33 (0.76–2.33)
	0.564



	Soybeans/Soy products
	Range (g)
	<35
	<60
	<90
	≥90
	



	
	
	reference
	1.14 (0.69–1.87)
	0.90 (0.55–1.46)
	0.76 (0.44–1.29)
	0.215



	Milk/Dairy product
	Range (g)
	<63
	<122
	<205
	≥205
	



	
	
	reference
	1.14 (0.71–1.85)
	1.00 (0.60–1.66)
	0.63 (0.37–1.07)
	0.074



	   Milk
	Range (g)
	<12
	<73
	<170
	≥170
	



	
	
	reference
	1.65 (1.00–2.74)
	1.42 (0.88–2.29)
	0.80 (0.49–1.30)
	0.372



	   Other dairy product
	Range (g)
	<25
	<53
	<79
	≥79
	



	
	
	reference
	1.55 (0.96–2.48)
	1.11 (0.67–1.84)
	0.90 (0.54–1.48)
	0.396



	Sugar
	Range (g)
	<4.4
	<7.3
	<11.3
	≥11.3
	



	
	
	reference
	0.73 (0.44–1.21)
	0.57 (0.35–0.95)
	0.54 (0.31–0.94)
	0.018



	Nuts and seeds
	Range (g)
	<0.3
	<1.4
	<3.9
	≥3.9
	



	
	
	reference
	1.05 (0.65–1.71)
	0.89 (0.54–1.47)
	0.70 (0.40–1.21)
	0.150



	Fats and oils
	Range (g)
	<5.9
	<10.3
	<15.6
	≥15.6
	



	
	
	reference
	1.21 (0.75–1.97)
	2.10 (1.27–3.49)
	1.37 (0.81–2.34)
	0.076



	Seasoning and spices
	Range (g)
	<12.8
	<18.8
	<25.1
	≥25.1
	



	
	
	reference
	0.73 (0.44–1.19)
	0.83 (0.50–1.37)
	1.18 (0.69–2.04)
	0.446



	Sweets
	Range (g)
	<21
	<42
	<73
	≥73
	



	
	
	reference
	1.10 (0.67–1.80)
	1.38 (0.84–2.28)
	2.11 (1.22–3.67)
	0.007



	Sugar-sweetened beverages
	Range (g)
	<7
	<36
	<79
	≥79
	



	
	
	reference
	2.14 (1.11–4.14)
	1.46 (0.80–2.69)
	1.07 (0.57–2.01)
	0.285



	Alcoholic beverages
	Range (g)
	<8.6
	<42.9
	<85.7
	≥85.7
	



	
	
	reference
	0.57 (0.29–1.15)
	0.72 (0.38–1.34)
	0.88 (0.48–1.60)
	0.334







Logistic regression models adjusted for age, current smoking, current alcohol drinking, diabetes duration, physical activity, energy intake, treated by insulin, treated by OHA.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
OR (95%Cl)

45

3.5

25

12

0.5

Total vegetables & Fruits

3.90
(2.25-6.77)

2.45 2.57 2.51
(1.49-4.01) (1.42-4.66) (1.38-4.58)

(0.€ -

Q1





nav.xhtml


  nutrients-14-03034


  
    		
      nutrients-14-03034
    


  




  





media/file5.png
OR (95%Cl)

OR (95%Cl)

45

3.5

25

15

0.5

45

3.5

2.5

15

0.5

Total vetetables & Soybeans/Soy products

2.82
1.70-4.
aEE ] 2.44 2.34

(1.43-4.17) (1.32-4.16)

1.36
(0 67-2. 77)

. m
31

(0.37-1.41)

\Y
Q1 Q2 Q3 Q4 «o"fb
Soybeans/Soy products
Fruits & Soybeans/Soy products
- B L
(1.52-4.82) » 01
' 1.93
T (1.04.3.55) 1.38
1 66 (076-2.5)

(o 98-2.83)

Q1 Q2 Q3 Q4
Soybeans/Soy products





media/file0.png





media/file6.png
OR (95%Cl)

4.5

3.9

2.9

15

0.5

Fruits & Sweets

3.90 3 87
PESEEEa (2.00-7.47)

4.25
(2.34-7.69

2.09 2.1
(1.14-3.85) (1.19-3.75)

2.26
(1.27-4.00) 21948

1 159
(1 : /.0Y

Q4 Q3 Q2 Q1
Sweets






media/file3.jpg
OR (95%C)

Fruits & Sweets

3.90 387
9179 06747

209
(1.14:385)
19

211
(1.18:3.75)






media/file1.jpg
OR (@5%C)

Total vegetables & Fruits






media/file2.jpg
B ‘Total vetetables & Soybeans/Soy products

@ @
SoybeansiSoy products

c Fruits & Soybeans/Soy products

‘Soybeans/Soy products





